The 18q deletion syndrome occurs in approximately 1/40,000 live births, with a highly variable phenotype [1] . Cardiac anomaly is one of the common clinical features of this syndrome [2] . Although the size of the deletion and break points are variable, it does not correlate with the severity of clinical findings [3] . In this report, we describe a female newborn with a de novo 18q22. 1q23 deletion confirmed by microarray analysis, and a large atrial septal defect (ASD) causing cyanosis.
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The 18q deletion syndrome occurs in approximately 1/40,000 live births, with a highly variable phenotype [1] . Cardiac anomaly is one of the common clinical features of this syndrome [2] . Although the size of the deletion and break points are variable, it does not correlate with the severity of clinical findings [3] . In this report, we describe a female newborn with a de novo 18q22. 1q23 deletion confirmed by microarray analysis, and a large atrial septal defect (ASD) causing cyanosis.
The patient was born at 44 weeks of gestation, by normal vaginal delivery of a 31-yr-old mother, and had a birth weight of 3,350 g (45-50th percentile). This girl was the second child of nonconsanguineous, healthy parents. The patient was intubated and ventilated with 100% oxygen owing to severe initial cyanosis and respiratory distress after 2 hr of birth. Arterial blood gas analysis showed pH 7.367, PCO2 41.4 mmHg, PaO2 42 mmHg, base excess−2 mmol/L, HCO3 23.8 mmol/L, and 80% oxygen saturation, with a fractional inspired oxygen concentration of 1.0.
The chest radiograph showed a moderate sunburst sign without hyaline membrane disease or pneumothorax. Although the persistent cyanosis was sufficient to indicate pulmonary hypertension, an echocardiogram excluded it. Echocardiography revealed situs solitus with normal connections between the atria and the ventricles or the great arteries. The tricuspid valve and mitral valve motion were normal without any abnormality. However, there was a huge 16 mm ASD, almost the size of a single atrium, sufficient to cause cyanosis. Patent ductus arteriosus was observed with a left-to-right shunt, which closed spontaneously in a follow-up study.
A hyperoxia test also excluded lung abnormalities. Oxygen supply was then stopped, and the baby was weaned from mechanical ventilation. Suspecting congenital anomalies, a physical examination was performed by two pediatric physicians at the time of admission. No specific abnormalities were revealed, except for a short palpebral fissure, deep set eyes, and mild midfacial hypoplasia, which became evident at a 6-month follow-up. No hearing loss was observed on either side of the brain stem. Thyroid function test results were unremarkable (thyroid stimulating hormone: 1.55 µIU/mL, free thyroxine: 1.55 ng/dL).
At 6 months of age, the patient's growth was within normal range (weight, 7.1 kg, 25-50th percentile; height, 68.3 cm, 75th percentile) [4] . However, delayed developmental milestones were observed. She could not hold up her head above plane of body on ventral suspension and could not reach out both arms toward objects, which should appear by the age of 3 months [5] .
G-banded karyotype analysis (550-band level) performed on peripheral blood samples from the patient revealed the karyotype 46,XX,del(18)(q22.1) (Fig. 1A) . Both parents showed normal karyotypes. Genomic DNA from the patient was analyzed by using the CytoScan750K Array (Affymetrix, Santa Clara, CA, USA) according to the manufacturer's instructions. Genomic coordinates were based on the human reference sequence assembly (NCBI build (Fig. 1B) . Important OMIM genes identified as RTTN, CYB5A, TSHZ1, NFATC1, and CTDP1 were deleted.
RTTN encodes rotatin in humans, and mutations of RTTN are known to cause polymicrogyria [6] . However, the effect of complete RTTN loss on human cardiac anomaly has not been studied thus far.
CYB5A encodes a membrane-bound cytochrome, and the loss of this gene can cause hereditary methemoglobinemia, which can further lead to cyanosis. However, methemoglobinemia was not reported in the 18q deletion syndrome, which usually involves CYB5A gene loss. Moreover, our patient showed only 0.8% of methemoglobin in arterial blood detected by a RAPID lab 1265 blood gas analyzer (Siemens Diagnostics, Medfield, MA, USA) at 90 days after birth.
TSHZ1 deletion or mutation can cause congenital aural atresia in the 18q deletion syndrome [7] . A previously reported critical region on chromosome 18 for congenital aural atresia is 18q22.3-18q23 [8] . Although the 18q22.1q23 deletion reported herein encompasses the critical region for congenital aural atresia, including TSHZ1 loss, our patient did not show any auditory anomalies.
NFATC1 has been known to have a role in human cardiac development, and an insufficiency of the NFATC1gene product could lead to Ebstein's anomaly [9] . In the DECIPHER database, cardiac anomalies associated with the loss of NFATC1 included atrioventricular canal defect, ventricular septal defect, cardiomyopathy, tricuspid regurgitation, and atrial septal defect; the breakpoints ranged from 53.7 to 70.6 Mb (Table 1 ) [10] . On the basis of all the cardiac abnormalities found in this chromosomal region in DECIPHER, combined with the breakpoint position (63.2 Mb) and loss of NFATC1 in the patient, multiple cardiac abnormalities were suspected; however, only a single, huge ASD was detected by echocardiography.
While the CTDP1 mutation is a probable cause of congenital cataracts, facial dysmorphism, and neuropathy syndrome (OMIM 604168), the present case of loss of CTDP1 did not show other related symptoms, except for mild facial dysmorphism at a 6-month follow-up.
Except for the large ASD, which rarely causes cyanosis, the phenotype of our case was relatively mild compared with other cases of 18q deletion syndrome having similar deletion sizes. Other factors could be correlated with the loss of genes on the 18q terminal region in order to explain various phenotypes, regardless of the size of the deletion in 18q. Our case supports a relationship between the 18q terminal deletion and ASD, which could be useful for further studies on genotype-phenotype correlations between the18q deletion syndrome and cardiac anomaly. 
